Abstract-Today's e-learning systems meet the challenge to provide interactive, personalized environments that support selfregulated learning as well as social collaboration and simulation. At the same time assessment procedures have to be adapted to the new learning environments by moving from isolated summative assessments to integrated assessment forms. In this paper an integrated model for assessment (IMA) is outlined, which incorporates complex learning resources and assessment forms as main components for the development of an enriched learning experience. For a validation the IMA was presented to a round of experts from the fields of cognitive science, pedagogy, and e-learning. The findings from the validation lead to several refinements of the model, which mainly concern the component forms of assessment and the integration of social aspects. Both aspects are accounted for in the revised model, the former by providing a detailed sub-model for assessment forms.
INTRODUCTION
With the continuous development of information and communication technology (ICT) in the context of learning, the adjustment of educational goals, settings, and assessment methods become a major challenge. Today's e-learning activities are expected to be interactive, challenging, and personalized. Learners should be in control of their learning experience, but simultaneously experience a supportive, collaborative, and simulative learning environment. Thus, selfregulating learning combined with social aspects and high levels of motivation are asked for. These changing e-learning activities also entail the need of changing assessment activities [1] . E-assessment, i.e., assessment in context of e-learning activities is a challenging field of research for Computational Science, Pedagogy, and Psychology. Within the EC-funded project "Adaptive Learning via Intuitive/Interactive Collaborative and Emotional System" (ALICE), our research group at Graz University of Technology designed an integrated framework for e-assessment that is based on the requirements of different complex learning resources, such as collaborative learning, storytelling, and serious games [2] . The resulting integrated Model for e-Assessment (short IMA) describes the components involved in an enriched learning experience, including not only the learning objectives, resources, and assessment methods, but also inputs to the learning experience and interactions with other models [3] . In order to meet the needs of different learning environments and resources, the proposed model was evaluated and improved in two steps. After a first round of experimentation and a model-validation by an expert from the field of cognitive science, the model was extended by means of a sub-model dealing with the different forms of assessment. Then, the extended IMA was presented to a round of experts from the fields of cognitive science, elearning, and pedagogy, who evaluated the model with regard to its relevance and applicability in the field of e-assessment.
In Chapter II of this paper, the IMA and its sub-model on assessment forms is presented in detail. Chapter III outlines an example application in a collaborative learning environment. Chapter IV gives an overview on the methodology used for the expert validation and the derived results. Finally, in Chapter V, we discuss our findings and give a short outlook for future research.
II. INTEGRATED MODEL FOR E-ASSESSMENT (IMA)

A. Integrated Model for Enriched Learning experiences
The general IMA addresses the requirements of an enriched learning experience as it is defined in the ALICE project [2] , namely as an experience that is based on complex learning resources (e.g. collaborative and social learning, storytelling, simulation and serious games) and integrated assessment methods (e.g. cognitive and affective assessment). This combination is expected to yield effective learning processes such as reflective and experiential learning [4] as well as socio-cognitive learning [5] . Fig. 1 depicts the abstract level of IMA with its core-methodology, inputs to the learning environment and adaptivity components interacting with the learning resources and assessment. IMA's core methodology consists of the following four main components: (1) the learning objectives, which usually refer to the goals defined by the instructor of a course but also to related didactical objectives such as gaining social competence or metacognitive skills due to collaborative work or self-regulated learning. Learning objectives influence the type of learning resource as well as the assessment forms appropriate in a given learning experience. For instance, if the learning objective is to apply knowledge (see [6] and [7] for a taxonomy of educational objectives), the provision of text material and a simple knowledge test will not suffice. In this case a more complex learning resource and an assessment including the application of knowledge are required (a very simple example would be the application of a previously learned formula). (2) Complex learning resources (CLR) should be provided to support learners in achieving the learning objectives by means of an active involvement in the learning process. According to constructivist theories (see e.g. [8] for a review) we build explanations of ourselves and our environment to actively create knowledge. To meet the needs of an active learner, enriched learning experiences are made up of CLR including collaboration, simulation and serious games, as well as storytelling. (3) New forms of assessment should meet the high demands arising from the CLR by considering different levels of educational objectives and effective kinds of learning. See Section B of this Chapter for more details. (4) Evaluation and validation processes should be included on a regular basis to ensure a high quality learning experience. Evaluation refers to the assessment of the used methods and procedures, whereas validation means that the measures provide a valid conclusion about the status of a learner. Results from the evaluation and validation process can again influence the first three components. Thus the development of efficient learning environments should be seen as cyclic process open to improvements.
Besides the core methodology, several components influencing the learning experience have to be considered (red arrows in Fig.1 ). These include educational aspects (e.g. different learning styles or social learning), psychological aspects (emotion or motivation), technical issues (e.g. adaptive learning or tool selection) and existing standards and specifications (e.g. best practices or ethical aspects).
To ensure a high quality standard of all activities in this complex learning environment quality criteria should be defined. Therefore, quality assurance which addresses all components of the enriched learning experience is also considered in the model. Aspects to be considered include best practices and standards in the field in general, guidelines for delivering assessment, scoring and interpreting, e.g. [9] , or ethical aspects (plagiarism, cheating, but also data protection, voluntariness, and transparency of assessment activities). A comprehensive framework for e-learning quality, which includes criteria for infrastructure, technical standards, content development, pedagogic practices, and institutional development is given by [10] .
The quality assurance is also relevant with respect to indicators that are expected to result from the enriched learning experience: indicators for its educational efficiency and effectiveness. For instance, the theory of constructive alignment [11] describes the compatibility between instruction, learning, and assessment. According to this theory, teaching is more effective when there are alignments between what teachers want to teach, how they teach, and how they assess students' performance. Thus, when selecting an assessment tool, both CLR and didactical objectives have to be considered. For instance, did learning occur during a collaborative activity or not? Should there be an individual, a group, or a peer assessment? Should the assessment activity be formative or summative? What exactly should be assessed? The knowledge of the learner or whether he or she can apply the knowledge or even create new appliances based on the knowledge they acquired?
Finally, in order to ensure that the learning experience allows adaptivity, the model also interacts with three other important models: the learner model, the knowledge model, and the didactic model. In co-operation with the learner model, the cognitive status of the learner in terms of knowledge and skills is updated, with the knowledge model the ontology of learning is recovered and with the didactic model, individual sequences of learning activities are build and eventual alternative models are recovered.
B. New forms of assessment
Modern forms of assessment have to cover several aspects based on cognitive and educational findings, as well as technological standards. Thus, based on already existing ways of assessment, the Alice assessment model combines these assessment forms in order to provide a comprehensive assessment of knowledge and skills, behavioral, motivational, and emotional aspects for complex learning resources. Fig. 2 depicts the different assessment forms as eight questions that should be answered when planning an assessment. For each question the respective specifications are listed. Depending on the learning objectives and the respective learning scenario, adequate assessment forms can be found by going through the specified aspects of assessment and selecting all the relevant ones. Thus, by answering each of the eight questions, a full assessment plan can be developed. Thereby, it has to be considered that the different forms cannot be seen as independent aspects, but influence each other. Hence, the representation does not imply a linear order of the relevant assessment forms. Nevertheless, it can be seen as a suggested way of proceeding. The listed options are a summary of the most relevant assessment forms, but the selection is of course open to change and/or extensions. In practice, before starting the assessment, the learning objectives should be mapped into a set or dictionary of competencies, which are then used to build assessment rubrics that give a detailed overview of the learning goals. Furthermore, each goal should be connected to a criterion that specifies how and when a goal is achieved. 
III. MODEL APPLICATION IN A SELECTED COMPLEX
LEARNING SCENARIO To give an example of how the components of the IMA are reflected in a real learning scenario, we chose a self-directed learning course with a collaborative writing assignment. In an online-course on scientific writing students had to study articles from provided course material, to collaboratively write an essay about these articles, and to plan a study. For the writing assignment the co-Wiki developed by [12] was used which provides integrated self-and peer-assessments (see [13] for an evaluation of the tool). For automatic assessments during the reading task participants could use the automatic questions creator AQC before, during, and after reading the articles [14] . To investigate whether students could benefit from the learning environment, questionnaires covering task awareness, motivational and emotional aspects, and usability were sent to the students at three points during the study. A detailed description of the study can be found in [15] .
A. Core Methodoloy
The main learning objective was to create a learning environment that supports students in self-regulated learning and working collaboratively. These goals are related to further objectives such as gaining social competences (due to collaborative work) or meta-cognitive skills (due to selfregulated learning activities).
The complex learning resource is a self-directed learning course integrated with a collaborative writing assignment. The provided co-Wiki ensures that students work collaboratively, its visualization functions support task and social awareness as well as group well-being. Additionally it provides self-, peer-, and instructor assessments including the use of an assessment rubric designed for scientific writing. The rubric was also used for the group-assessments, in which students had to assess the work of one other group. The AQC creates tests automatically by extracting concepts and generating questions (true/false, single choice, fill-in-the-blank, open-ended) based on a selected content, in this case the provided articles. Additionally, the generation of questions based on selfextracted concepts is possible. Testing one-self with questions should stimulate the learning process and support students in self-regulated learning.
Multiple forms of assessment were used. As far as the criteria for mastering a learning objective are concerned, assessment rubrics (using the categories literature, content, and style with several subcategories each) were provided for the group-and instructor assessment to insure a fair and consistent assessment over all learning groups. The eight aspects of assessment outlined in Fig. 2 were covered as follows:
 Assessment area: cognitive competencies were tested on the knowledge level with automatically created questions, affective dispositions by collecting data on students' motivation and emotional status. The collaborative assignment covered the cognitive levels comprehension (e.g. identify important steps for planning a study), application (e.g. apply steps to own research questions), and synthesis (e.g. plan and formulate research design for given research question).
The level of evaluation is required by the groupassessments.
 Assessment referencing: norm-related, since students compared their product with the work of other peers.
 Assessment strategy I -assessor: short self-and peerassessments after each change of the collaborative writing assignment; detailed instructor and group (peer) assessments of the final group products; voluntary and required assessment by the system (AQC) for the reading task.
 Assessment strategy II -who is assessed: regarding the reading task (AQC-tests) individuals were assessed, for the writing assignment individual and group contributions were assessed (self/peer and instructor/group assessments respectively).
 Assessment type: formative assessment to monitor and improve students' learning process (self-and peerassessments, voluntary AQC knowledge tests); summative assessment after the reading task (required AQC test) and the writing assignment (instructor and group-assessment); diagnostic assessment to check students' learning progress (questions regarding students' knowledge concerning scientific working before and after the course).
 Adaptivity: only on a very low level, namely regarding the process of collaboratively creating a document, because each review given by a peer influences the next steps taken within the learning process. Personalized adaptation of learning content or testitems (e.g. based on students' current knowledge, motivational, or emotional status) was not embedded yet.
 Feedback: summative from instructor, i.e. at the end of the course two tutors gave a detailed individual feedback on the writing assignments; continuous from peers by means of comments integrated in the short peer assessments after each change of the contribution. Regarding evaluation and validation, the quality of the automatically created questions was evaluated and the impact of the whole tool was validated by investigating students' extrinsic and intrinsic motivation, emotional aspects, learning styles and whether these components had an influence on the learning process.
B. Inputs to the enriched learning experience
As far as educational aspects are concerned, we investigated students' learning styles by differentiating between the elaborating and the repeating learning style [16] and their relationship to intrinsic and extrinsic motivation. Psychological aspects were covered by measuring motivation during the self-and peer-assessments [17] , as well as emotions while using the tools [18] . Technological aspects in this study concern the co-Wiki and the AQC. For the co-Wiki, ScrewTurn wiki (an open source wiki using C# and ASP.Net for the front-end presentation layer) has been selected to be enhanced with features to maintain task and social-awareness and group well-being. For assessment in self-directed learning, the AQC was developed to automatically create assessment items based on textual material. Regarding Standards and specifications, the co-Wiki combines collaborative learning and assessment activities, following the guidelines by [19] .
For the AQC IMS-QTI assessment content specifications have been used to represent the created items [20] .
C. Efficiency, effectiveness and quality assurance
To evaluate the CLR (co-Wiki and AQC), students rated the usability of the tools by means of the system usability scale (SUS) [21] and made suggestions for improving the tools. Regarding quality assurance, we planned the study under consideration of the psychological quality criteria objectivity, reliability, and validity.
D. Adaptivity components
The described study aimed at investigating the developed tools which where therefore used stand-alone. However, to provide adaptivity in the sense of a learner, knowledge, and didactic model, in the meanwhile both tools were integrated in the Intelligent Web Teacher (IWT) [22] , which is a learning management system allowing the definition and execution of personalized e-learning experience tailored on the basis of learners' cognitive status and learning preferences.
IV. EXPERT VALIDATION
As mentioned above, the proposed model was developed in several steps. The original model was validated by an expert from the field of cognitive science, whose main suggestion was to focus more on the assessment part of the IMA. Thus the model was extended by the assessment sub-model as it is depicted in Fig. 2 . For a second round of validation, nine elearning experts from different European universities were asked to validate the model concerning the importance of its components, the accuracy of the relations among the components, and its application and relevance in the field of eassessment. Additionally they were asked to test and evaluate the two developed tools co-Wiki and AQC.
Five experts, two men and three women, from the fields of cognitive science, e-learning, and pedagogy, participated in the study. For the validation, the experts received a detailed description of the model and sub-model, access and guidelines to the tools, and a questionnaire with the 11 items listed in Table I . Levels of agreement were generally stated on a 5-pt. rating scale ranging from (1) "I strongly disagree" to (5) "I strongly agree" (5) . For question 9 a 7-pt. scale was used which ranged from (1) "not relevant" to (7) "very relevant". Additionally experts were prompted to comment their ratings and to give suggestions for improvements. Table I summarizes the results.
Overall the experts gave medium ratings on the different features of the model. A closer look at the comments shows that two aspects stand out as they were mentioned by several experts independent of their individual background. One point is that social interaction and collaboration were not explicitly considered in the original model. Thus, the social aspect of learning was integrated more thoroughly by adding social learning to the educational inputs of the IMA model and by differentiating between assessing individuals and groups in the assessment sub-model. The second main concern was the lack of a concrete example, i.e. the abstractness of the model. To meet this concern, we applied the model in different areas including collaborative and self-regulated learning (Section III in this paper) and storytelling. Furthermore, minor changes were performed, such as the separation of educational and psychological aspects, or some rewording of the model description. Fig. 1 depicts the revised version of IMA.
With regard to the validation of the tools, four experts filled out the questionnaire for the AQC and three the one for the co-Wiki. Because this paper focuses on the theoretical model, results are only summarized very shortly. The experts considered the co-Wiki for the most part as supportive for students as well as for instructors, especially the visualization tools and the assessment rubric were found to be very helpful components. In general, the experts saw the fields of application very broad, but would improve its design and add some components, such as a search function and more information about the contributors. As far as the AQC is concerned, experts confirmed that the tool is a valuable instrument to test knowledge on a lower level and to get a first impression of what the students have learned. However, it is no suitable to test students' deeper understanding of a subject.
V. DISCUSSION AND OUTLOOK
The aim of this research was to develop an integrated model for e-assessment (IMA), which meets the challenges of the adaptive e-learning environment build within the ALICE project. The latter combines personalization, collaboration, and simulation aspects wihtin an affective/emotional based approach. The final goal is to provide an interactive, challenging and context aware environmnet that fosters learners' demand of empowerment, social identity, and authentic learning experience. The IMA discussed in this paper, describes an enriched learning experience on an abstract level. It is made up of didactical objectives, different learning resources, and assessment activities. It also considers influences arising from the viewpoints of pedagogy and psychology as well as from the viewpoint of technology. Furthermore, the relationship to other models (didactic model, knowledge model and learner model) is emphasized. Finally, to assure a high quality standard of the model, efficiency and effectiveness as well as evaluation and validation processes are mentioned as indicators coming up from the model. The purpose of the IMA is to identify all components that need to be considered whenever an enriched learning experience is developed. However, its core is the aspect of eassessment, which is no longer a simple task of testing a student's knowledge, but has to consider a wide range of assessment forms in order to give a comprehensive picture of a student's learning process, including cognitive and emotional aspects, individual and social learning, adaptivity, and so on. To give an example of how IMA can be used in practice a case study from the ALICE project has been presented to show how each component of the model was considered in a self-directed learning course (using two tools developed within this context). This first version and application of the model together with the tools developed in this context was validated by a sample of five experts. This expert validation resulted in a few changes of the model, especially regarding the integration of social aspects. The results of the application study and the expert validation show the usefulness of the model regarding the development of elearning environments with comprehensive assessment procedures.
Future research should include an extension of the IMA to other areas of application and CLR and especially focus on the further development of the assessment sub-model. At the moment, the sub-model gives a comprehensive overview of important aspects that need to be considered when planning eassessments for CLR. However, to increase the usability of the model, relationships and dependencies between different forms of assessment should be considered. For example, a scenario in which learners do not collaborate does not need a group assessment as strategy. For more convenience of the user (instructor or course developer), automatic suggestions of adequate assessments methods depending on the previously chosen assessment area, referencing, strategy, type, etc. are also conceivable.
